ABSTRACT An isolated population of the red imported fire ant, Solenopsis invictu Buren, was discovered in Lubbock, TX, during August 1985. This find represented the northwesternmost known population in North America, and it had survived since at least 1983. Preceding the 1985-1986 winter, 207 colonies were located and marked, and 85.4% of the colonies survived until the following spring. Of 277 colonies located before the 1986-1987 winter, 47.8% survived until March 1987. Colonies found near brick walls and roadside, concrete curbs were 89.5 and 80.2%, respectively, of the numbers found at the same locations the previous fall. These percentages are significantly greater than those of colonies found in open, more exposed areas (40.0%). T h e larger number of overwintering colonies found near human-made structures may have been the result of colony survival d u e to greater insolation and consequently warmer soil temperatures than those in open areas. However, the larger number of surviving colonies could have been a manifestation of location preference resulting from repeated colony movements. Only after persistent and aggressive intervention through the use of insecticides was the population eliminated.
TI+OI<VILSON ET AL.: RED IMPORTED FIRE ANT WINTE~ SURVIVAL 96.5 ing the winters of 1985-1986 and 1986-1987. Because 23% of the treatcd mounds still con-T h e population at this locality covered an area tained active worker ants 2 wk after treatmcnt, of' -3.2 hil. Lnl,l,ock is located at an elevation the bait-formulated insecticide Amtlro (tetraof i11)orrt 990 m on the sor~tllern Texas High hydro-5,5-dimethyl-2(lH)-pyrimidinone (3-{4-I'lilins ;~t 33"39'N, 10lo49'W. Average minimum (trifluoromethyl) phenyl)-l-{2-{4-trifl~~oromethyl) itntl r~~; t x i r~j r~n~ tcmpcr;tt~~rcs t l~~r i n g winter l~l~c n y l ) ctI~c11~l)-2-propc.nyl-i(Ic~n(~) hydrilzonc) (L)ece~nl)cr-Fe1,rrlary) arc 4.3 and 14.1°C, rc-was 1)roadcast at the lal,clcd rate at t l~c site to kill )ds onitored intenlevelopment in i CO.), TX, dursl~cctivcly. Yearly precipitation averages 45.5 the remaining colonies. cm, with 3.9 em occrrrring during winter (data Despite efforts to eradicittc the infestation the from Ni~tional Oceanic and Atmospheric Admin-previous spring, an inspection of the site reistration, National Climatic Data Center, Ashe-vealed 277 colonies on 7 Noveml~er 1986. These villc, NC). Lub1)ock is in USDA Plant Hardiness monnds wcrc illso staked and lal~eled. T h e nrrmZone 7a, south of the -18°C minimum tempera-ber of m o~~n d s near the wall, adjacent to roadsiclc t r~r e isotherm (USDA 1965) . T h e soils of the re-curbs, and in open arcas was 45, 50, and 182, gion are sandy clay loams.
respectively. Colony activity of these mountls Colonics were located either near the sooth-was determined on 13 March 1987 by digging facing I);l$e of a 2-m-high brick wall, or adjacent into morrnds ilnd recording the presence or aljto ro;tdsidc, concrete curl)\ along a major east-to-sencc of active workers. All s~~r v i v i n g colonies west street traversing the residential develop-were treated I,y the Texi~s Depilrtn~ent of Agriment, or in open lawns and grounds. Colony rat-e~rltore with chlorpyrifos drench on 18 and 20 ings, based on worker nnrnl)ers and brood March 1987, followed 2 wk later I)y a broadcast chitracteristics (Lofgren & Williams 1982) , were application of Logic !);lit (ethyl [2-(4-phennot determined because mouncl disruption might oxyphenoxy) ethyl] car1);lnl;tte) at the la1)eled have influenced overwintering srrrvival of the r;ttc. In addition, colony n~unl)ers and location colonies (Morrill et al. 1978 , Wilson e t al. 1981 an open lawn. Temperature probes were also Mounds were typically 1 0 3 0 cm in diameter inserted into undisturbed soil 2 1 m from each and 1-6 cm in height at the site. Despite small colony. T h e probes in the soil near the colony mound and colony size, most colonies had brood, adjacent to the wall were also on the south side and several colonies contained alate ants. of the wall. Temperatures of the mounds and soil Mounds located in maintained lawns were fre-in the open locations were measured at the surqr~ently flattened by grass mowers. However, face and at depths of 7.5, 15.0, 22.5, 30.0, and mounds in unmaintained grounds were also low, 60.0 cm. All measurements were ol~tained with a although mowers were not frequently used. T h e YSI model 42 SC tele-thermometer (Yellow only large mound ( 2 3 0 cm high) at the site a1111t-Springs Instrument, Yellow Springs, OH) from 6 ted the south-facing wall of a brick house.
January through 20 February 1986 and from 8
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Results
The percentage survival of red imported fire ant colonies from autumn to spring (NovemberMarch) in 1985-1986 and 1986-1987 was 85.4 and 47.8%, respectively. After each winter, the percentage of total number of colonies found near the wall was significantly greater than that of colonies found in open areas (Table 1) . During the second winter, the number of colonies near roadside curbs was significantly greater than that of colonies in open areas. No differences were detected between numbers of colonies found near the wall and those located near curbs unless data from the two winters were combined. Then, the percentage of mounds found near the wall was greater than that of curbside colonies, and percentage of colonies located near walls and curbs was greater than that of colonies in open areas ( Table 1) .
The winter temperatures recorded by the National Oceanic and Atmospheric Administration during the observational period were typical for Lubbock. The lowest temperatures reported during the 1985-1986 and 1986-1987 winters were -14.5 and -15.0°C, respectively (Table 2) . Also, 75 and 84 days during November-March had daily temperature minima =O°C during 1 9 8 5 1986 and 1986-1987, respectively. December temperatures were 1.9 and 0.6"C below the mean monthly temperatures in 1985 and 1986, respectively. Also, colonies at the site had s~~r v i v e d thc record-setting cold air temperature (-17.g°C) of' 24 and 29 December 1983, and 90 and 84 days during November-March in which daily temperature minima was 50°C during 1983-1984 and 1984-1985, respectively. The lowest soil temperature (O°C on 12 January 1986) recorded at the study site during the first winter was at the surface of a mound in an open area. The lowest temperature recorded at the site during the second winter (-1.9"C on 31 December) was on the surface of a mound near the wall. Temperatures recorded at the site did not closely approach the reported lethal freezing temperature for field-collected minors of =-6.0°C (Taber et al. 1987) .
During the 1985-1986 winter, all temperatures in the soil profile near the wall were significantly warmer than those of the soil profile at the open area and were warmer (P < 0.05) than those of the mound near the wall except at the O-cm depth (Table 3) . Mound temperatures near the wall were significantly greater than mound temperatures in the open area at 15.0-, 22.5-, and 30.0-cm depths (P < 0.05). Temperatures of the open-area mound were significantly warmer than the nearby soil profile at the surface and at the 7 . 5 and 15.0-cm depths (P < 0.05). Although the mound was low and essentially flat to the ground, the exposed soil surface probably allowed heat gain from solar radiation.
As during the previous winter, all soil profile temperatures recorded near the wall during 1986-1987 were significantly greater (P < 0.05) than temperatures recorded in the open-area soil profile (except at the surface) and were greater than the mound temperatures near the wall at depths of 7.5, 15.0, and 22.5 cm (Table 4) . At 15.0-, 22.5-, and 30.0-cm depths, temperatures of 12.4 (7.3) 10.7 (5.9) 8.4 (4.4) 10.6 (6.4) 15.0 9.9 (4.7) 9.2 (4.2) 7.2 (3.2) 8.3 (4.1) 22.5 9.3 (3.6) 9.0 (3.4) 6.8 (2.5) 7.0 (2.7) 30.0 9.3 (3.0) 8.9 (2.9) 6.8 (2.0) 6.9 (2.1) 60.0 In the spring of 1990, a total of 112 colonies was located in the development: 38 adjacent to the roadside curb, 35 adjacent to the brick wall, and 39 in the open field. However, a spring 1991 survey of the area failed to reveal S. invicta colonies, and the isolated population is assumed to b e no longer in existence.
Discussion
Red imported fire ants survived at least 7 yr at the Lubbock site (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) ) and were terminated only after human intervention. T h e greater number of colonies adjacent to south-facing walls and curbs compared with the number of colonies located in more open, exposed areas underscores either the value of insolation to colony srirvival (Markin et al. 1973 , Hubbard & Cunningham 1977 or the preference of colonies for these structtlres. Beca~rse the red imported fire ant overwinters as nontlormant adults and cold acclimation, supercooling, and freeze tolerance are trivial winter adaptations (Francke & Cokendolpher 1986 ), the chance placement or preference of nests near "solar collectors" may have important survival consequences, and the soil thermal gradient may be exploited by the ants for cold weather survival.
T h e red imported fire ant has shown dramatic spread into drier areas of Texas since 1965 (Pimm & Bartell 1980 , Cokendolpher & Phillips 1989 . However, the aridity of western Texas may halt the westward movement across the state (I-Irilig &k Vilisori 1!J7H), unless S. inoicta is inadvertently transported by humans to moist refugia in irrigated, agricultural, and urban areas (Moody e t al. 1981 , Francke & Cokendolpher 1986 ). Colonies at the infested site in Lubbock were supplied with moisture throughout the summer because of lawn watering systems, and the availability of water undoubtedly allowed the colonies to thrive in the semiarid (45.5 cm average yearly precipitation) Lubbock environment.
T h e Lubbock infestation underscores the imporhnce of human transport of the red imported fire ant. T h e Lubbock site was landscaped with many non-native oak trees that had been transported from central and eastern Texas. Red imported fire ant-infested soil on nursery stock is a major mode of transport (Markin et a1. 1971 , Summerlin & Green 1977 , Vinson & Greenberg 1086 and probably was the source of the infestation. Other infestations in Lubbock have presumably resulted from infested nursery stock, and eradication tactics were successful. Also, infested nursery stock has been implicated in other infestations in several western Texas localities: Abilene, Midland, and San Angelo (Cokendolpher & Phillips 1989) .
Lubbock represented the northwesternmost known location of perennial S. invicta colonies. However, aRer 7 yr of exposure to a combination of High Plains climatic conditions and repeated insecticidal treatments, the infestation now appears to have been eradicated. Unless quarantine measures are enforced, introductions into urban settings will continue and self-perpetuating infestations may thrive. In favorable microhabitats providing adequate moisture and protection from winter cold temperatures, the red imported fire ant might become a permanent urban pest in western Texas and invade other areas of the southwestern United States. 
